Real-time ocean assimilation and prediction with global NCOM

Abstract
Data Assimilation Procedure
Real-time assimilative global ocean models at resolutions sufficient to be useful for a wide
range of Navy operations have recently become viable due to continuing improvements in
computational capacity, model development and data acquisition and processing. A global
implementation of the Navy Coastal Ocean Model (NCOM), developed by the Naval
Research Laboratory (NRL) at Stennis Space Center for transition to the Naval
Oceanographic Office (NAVOCEANO), is at the forefront of global ocean modeling. Global
NCOM encompasses the open ocean to 3 m depth in a curvilinear global model grid with 1/8
degree grid spacing at 45N, extending from 80 S to a complete arctic cap with grid
singularities mapped into Canada and Russia. Vertically the model employs 41 sigma-z
levels with sigma in the upper ocean and coastal regions and z in the deeper ocean. The Navy
Operational Global Atmospheric Prediction System (NOGAPS) provides 6-hourly wind
stresses and heat fluxes for forcing, while the Modular Ocean Data Assimilation System
(MODAS) provides background climatology and tools for data preprocessing. Operationally
available sea surface temperature (SST) and altimetry (SSH) data are incorporated into
NAVOCEANO global MODAS and Navy Lavered Ocean Model (NLOM) analyses and
forecasts of SSH and SST. These in turn are combined with the MODAS synthetic database
to vield three-dimensional fields of temperature and salinity for assimilation into global
NCOM.

= Acquire sea surface temperature (sst)
Use daily SST analysis from the Naval Oceanographic Office (NAVOCEANOQ)
MODAS2D optimal interpolation (OI) of MCSST observations.

= Acquire sea surface height (ssh)
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Real Time Assimilation Case 1¢

Use either
daily SSH analysis from the NAVOCEANO MODAS2D OI of TOPEX, ERS
and GFO altimetry

* 40 vertical sigma-z levels (19/21)

* 1m max upper layer thickness

* Fully global ocean with polar
overlap and depth to Sm.

daily steric-SSH nowcast from the 1/16° Navy Lavered Ocean Model
(NLOM)
A mean correction is added to the height fields so that the resulting ssh is a deviation
from the MODAS climatological mean steric height anomaly.

" Produce 3D T&S fields

Estimate subsurface temperature and salinity using MODAS3D synthetics. Regressions
relate sst and/or steric ssh deviations from climatology with subsurface temperature

*Forced by real-time NOGAPS
surface wind stress and heat fluxes
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Results are included from: The global NCOM grid

produces a global overlap by
transforming the northern
hemisphere around poles over
land in Canada and Russia.
The 1/8° grid resolution refers
to an average midlatitude

spacing of the 2048x1280 grid.

» Assimilates SST, 888 and 3D
T&S from MODAS3D analysis of
MODAS2D SST and MODAS2D
or NLOM SSH

1/4° global assimilative case (c from Jan. 2000 to the present. Forced
with nowcast quality NOGAPS 3-hourly wind stresses and heat
fluxes. Assimilates MODAS2D SST and synthetic T&S from
MODAS2D SSH and SST. Uses 2%¢ order advection.

; . . deviations. Since the non-steric fraction of altimetric ssh tends to increase in shallow
Global NCOM nowcasts and forecasts provide a valuable resource for rapid response to the i

varied and often unpredictable operational requests for 3-dimensional fields of ocean
temperature, salinity, and currents. In some cases, the resolution of the global product is
sufficient for guidance. In cases requiring higher resolution, the global product offers a
quick overview of local circulation and provides initial and boundary conditions for small-
scale relocatable models that may be more specialized for a particular task or domain.
Nowcast and forecast results are presented globally and in selected areas of interest. Model
results are compared with historical and concurrent observations and analyses.

water and the NLOM boundary is at the 200m isobath, ssh is smoothly removed from
synthetic temperature estimates as depths become shallower than 600m. Salinity is
estimated using climatological T&S relations.

* Provides nesting with coastal
ocean and relocatable models and
improved coastal and upper ocean
forecast capability

1/8° global climatological case 1a from years 2-8. Forced with
Hellerman-Rosenstein monthly unsmoothed surface wind stress
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and relaxation using surface fluxes to MODAS bimonthly = Assimilate in-situ observations

climatological SST and SSS. Uses 3'¢ order upwind advection.

Naval Research Laboratory Code 7323 Stennis Space Center http:/fwww 7300, nrlssc.navy.mil/internal/ nocom

MODAS3D OI can assimilate subsurface observations to improve the analysis.
= Adjust for vertical stability

Convert to potential temperature, adjust salinity to produce vertical stability.

The figures at left indicate
options for configuring the
sioma-z vertical coordinate in
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_ and 1/8° global assimilative case Oc from Oct. 2000 to the present. Forced
Wariare Svstewms Compnand FMWISS and the Northarn Guif Littoral Initiative program.

with nowcast quality NOGAPS 3-hourly wind stresses and heat

Transports from the 1/8° global NCOM climatological experiments.
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deviations are combined in an optimal interpolation procedure to produce

an optimal interpolation procedure to produce daily global 1/8° S&T fields.
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Assimilation of synthetics
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After regridding to the model grid, capping at the pole and adjusting for vertical
stability, the data is nudged into the model according to the weighting field.

Additional in situ observations may be assimilated in this stage.

For additional information: http: //www7320.nrlssc.navy.mil.htm1/7320-home.html



